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LABORATORY STUDIES OF THE CHEMILUMINESCENCE FROM TKE 
ATOMIC OXYGEN-NITRIC OXIDE REACTION UNDER 

UPPER ATMOSPHERIC CONDITIONS 

N. Jonathan and G. Doherty 

I. INTRODUCTION 

The investigations of the continuum in the night airglow have been 

under way for many years. In early studies, Rayleigh demonstrated that its 

spectral distribution could not be the result of scattered sunlight. 

Recent theories have independently suggested that the continuum is the 

result of the chemiluminescence associated with the nitric oxide-atomic 

oxygen reaction. (2-5) 

distribution have been made by Shefov(6) and Yarix~'~) and these workers 

have shown that its distribution is close to that of a laboratory-produced 

airglow. 

(1) 

The most recent studies of the nocturnal continuum 

Atomic oxygen is formed above 70 km by photodissociation of oxygen 

molecules. 

nighttime densities which vary from approximately 10" atoms/cc at 70 km 

to 1OI2 atoms/cc at 100 km for a 12-hour day followed by a 12-hour night. 

The amount of nitric oxide present is unknown, though theoretical argu- 

ments have been put forward for its existence. An upper limit of 10 

molecules/cc has been placed as a result of rocket experiments of the 

ultraviolet absorption spectra. 

Recent calculations by Wallace(8) give estimates of the 

8 

(10) 

Studies of the precise altitude of the continuum have been hampered 

by the low light intensity levels but rocket experiments have suggested 
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that the strongest emission lies between 90 and 110 km. (11,12) The 

essential mechanism for the nitric oxide-atomic oxygen light emission is 

0 + NO - + N O 2  + hv 

followed by the fast reaction 

0 + NO2 +02 i- NO. 

Extensive laboratory studies have been made of this reaction in the 

pressure range 1-5 m Hg. Most recent experiments have indicated that 

in the 1 mm pressure range the chemiluminescence is the result of a 

three-body reaction although the light emission is second order, depend- 

ent only on atomic oxygen and nitric oxide concentrations. (13-15) me 
rate constant for light emission has been measured in the classic ex- 

periment of Fontijn and Schiff and found to be 1.7 x 10 cc molecule 

sec . However, these workers cast doubt upon the applicability 

of their yalue under upper atmospheric pressure conditions since it 

was believed the chemiluminescence would become pressure dependent be- 

low 10 microns. The present study was, therefore, undertaken to extend 

laboratory measurements to pressure regions similar to those which exist 

in the region of the airglow. The experimental data may then be used 

to calculate whether there is sufficient atomic oxygen and nitric oxide 

present in the atmosphere to produce the observed night airglow con- 

tinuum. 

- 17 -1 

-1 (16) 
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Figure 1. Reaction cell for observation of chemiluminescence. 
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11. EXPERIMENTAL 

The r e a c t i o n  c e l l  used i n  the  p re sen t  s t u d i e s  has  been developed 

along the  l i n e s  of mul t ipa th  c e l l s  which a r e  common i n  absorp t ion  spec- 

t roscopy.  The l i g h t  emi t ted  during a r e l a t i v e l y  slow r e a c t i o n  such a s  

NO + 0 does not  approximate t o  a po in t  source and hence one must use 

a m u l t i - r e f l e c t i o n  r e a c t i o n  c e l l  i n  order  t o  ga the r  maximum l i g h t .  The 

c e l l  i s  shown i n  schematic form i n  F igure  1. It c o n s i s t s  of a 5 0 - l i t e r Y  

3-necked Pyrex f l a s k .  The gases  are l e t  i n t o  the  c e l l  through the  two 

s i d e  arms o r  a r e  mixed a t  t he  point  of e n t r y  i n  one s i d e  arm. The cen- 

t e r  arm i s  connected t o  an N.R .C .  o i l  d i f f u s i o n  pump backed by a l a r g e  

Welch mechanical pump which, working toge the r ,  a r e  capable  of maintaining 

the  c e l l  p re s su re  a t  3 microns Hg when the  inpu t  flow i s  26 s tandard  

cc ' s /minute .  The ou t s ide  of t he  c e l l  i s  coated wi th  a l a y e r  of magne- 

sium oxide which g ives  up t o  97% r e f l e c t i v i t y .  Magnesium oxide ,  being 

a d i f f u s e  r e f l e c t o r ,  has an advantage i n  t h i s  case  over the  convent ional  

r e f l e c t o r  i n  t h a t  each r e f l e c t i o n  inc reases  the  l i g h t - g a t h e r i n g  power 

of t he  c e l l .  The l i g h t  emerges through a small  ape r tu re  i n  t h e  s i d e  

of t h e  c e l l  which i s  sea led  wi th  a q u a r t z  window. Provided t h a t  t h i s  

a p e r t u r e  i s  smal l ,  t he  l i g h t  which i s  emi t ted  can be made t o  approximate 

t o  a p o i n t  source.  This  a l lows a maximum amount of l i g h t  t o  be focussed 

through the  spectrometer  o r  on a photomul t ip l ie r .  Provis ion  i s  made f o r  

the  c e l l  t o  be heated t o  a maximum of 700 K by means of an e x t e r n a l  

hea t ing  j a c k e t  f i t t e d  over the  c e l l .  Uniform hea t ing  of t h e  c e l l  i s  

thus  ensured and the  temperature i s  c o n t r o l l e d  by vary ing  the vo l t age  

0 
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appl ied  t o  the hea t ing  c i r c u i t .  The temperature wi th in  the  c e l l  i s  

measured by means of a c a l i b r a t e d  thermocouple wire  which e n t e r s  the  

c e l l  through one of t he  s i d e  arms. The c e l l  p ressure  i s  measured by 

means of two independently c a l i b r a t e d  McLeod gauges which a r e  a l s o  

i n s e r t e d  through a s i d e  a r m .  

A block diagram of the  apparatus  used i s  shown i n  Figure 2 .  Molec- 

u l a r  oxygen o r  a mixture of molecular oxygen and i n e r t  gas  i s  passed-- 

v i a  a flowmeter, needle  va lve  and trap--through a microwave d ischarge  

u n i t .  The p a r t i a l l y  d i s s o c i a t e d  molecular oxygen then e n t e r s  t he  reac-  

t i o n  v e s s e l  a f t e r  f i r s t  pass ing  through the  Wood's l i g h t  t r a p .  N i t r i c  

oxide which has  been p u r i f i e d  by passage through a column of a s c a r i t e  

( t o  remove NO ) i s  mixed wi th  the  oxygen a t  the p o i n t  of e n t r y  i n t o  

the  r e a c t i o n  v e s s e l  a f t e r  f i r s t  passing through a needle  va lve ,  a c a l i -  

b r a t e d  flowmeter and a dry ice-acetone t r a p  (on the  low-pressure s i d e  

of t h e  needle  va lve )  t o  remove any l a s t  t r a c e s  of impur i t i e s .  

2 

A l l  flowmeters used during the program were c a l i b r a t e d  d i r e c t l y  

on t h e  system f o r  a l l  gases  which passed through them, us ing  the  appara- 

t u s  which i s  shown i n  block diagram form i n  Figure 3 .  The flow pa th  

of t he  gas  i s  se l f - exp lana to ry ,  the volume which passed through the  

flowmeter being measured a t  atmospheric p re s su re  which avoided the  

n e c e s s i t y  f o r  c o r r e c t i n g  the  resul ts  f o r  t h e  p re s su re  a t  which t h e  

flowmeters were opera t ing .  

The s t eady- s t a t e  concent ra t ion  of oxygen atoms i n  t h e  r e a c t i o n  

v e s s e l  was measured a t  t he  end of each s e t  of readings  by t i t r a t i o n  

5 
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with  n i t r o g e n  d ioxide .  The well-known r e a c t i o n  goes according t o  the  

e qua t i  on 

0 + NO2 +NO + O2 

which i s  very much f a s t e r  than the l i g h t  emi t t i ng  r e a c t i o n  

0 + NO +NO2 + hv. 

It can r e a d i l y  be seen t h a t  maximum l i g h t  emission w i l l  occur when the  

n i t r o g e n  d ioxide  concent ra t ion  i s  equal  t o  one-half  t h a t  of the  oxygen 

atom concen t r a t ion .  

and the  accuracy of the  t i t r a t i o n  technique was obta ined  from the  f a c t  

t h a t  i n  a l l  c a s e s  the  maximum i n t e n s i t y  from the  t i t r a t i o n  was equal  

t o  t h e  l i g h t  emission when the  n i t r i c  oxide p a r t i a l  p re s su re  was one 

q u a r t e r  t h a t  of t he  oxygen atoms. Two methods w e r e  used t o  observe 

the  l i g h t  emission from the n i t r i c  oxide-atomic oxygen r e a c t i o n .  

A crosscheck on the  p u r i t y  of t he  n i t r i c  oxide 

The s p e c t r a l  d l s t r i b u t i o n  of t he  l i g h t  emission was obta ined  us ing  a 

Perkin-Elmer 112 G g r a t i n g  spectrometer equipped wi th  a s i n g l e  beam, 

double pass  monochromator. Attempts were made t o  record  t h e  spectrum 

between 3000 and 7000 8. Above 3200 8, a Pyrex f i l t e r  was i n s e r t e d  i n  

o rde r  t o  avoid t h e  presence of higher  o rde r s  from t h e  g r a t i n g .  The 

r a d i a t i o n  pass ing  through the  monochromator was chopped on i t s  second 

pass  us ing  a chopping frequency of 13  cps .  This  avoided the  d e t e c t i o n  

of t he  unchopped f i r s t - p a s s  r a d i a t i o n  s i n c e  the  r e s u l t i n g  s i g n a l  was 

fed  i n t o  an ampl i f i e r  tuned t o  the chopping frequency. The l i g h t  

was de t ec t ed  a t  the  e x i t  s l i t  of the monochromator by an EM1 9558B 

8 



tri-alkali photomultiplier tube which was mounted in a light-tight 

housing. The spectral region was scanned automatically. 

The over-all light emission was measured by mounting an RCA 1P28 

photomultiplier tube, in a light-tight housing, directly onto the aper- 

ture of the reaction cell. The resulting DC signal was fed into a 

Victoreen microammeter. Checks were made to ensure that the photomul- 

tiplier and microammeter gave linear readings over the range of light 

emission encountered. 
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111. RESULTS 

A. THE SPECTRUM OF THE LIGHT EMISSION 

The spectrum of the  chemiluminescence was obtained between 

Under our cond i t ions  3500 and 7500 ?i a t  p re s su res  of 1OOp and 4 0 0 ~ .  

of low r e s o l u t i o n ,  the  spectrum appeared a s  t h e  usua l  a i rglow "continuum" 

wi th  a maximum i n t e n s i t y  a t  approximately 6500 2. 
a t  p r e s s u r e s  below loop was too  low t o  enable  spec t roscopic  measurements. 

However, very  crude measurements of l i g h t  y i e l d s  were made i n  va r ious  

s p e c t r a l  r eg ions  from 3500 t o  7500 w us ing  a 1P28 pho tomul t ip l i e r  

( S  13 cathode) and an EM1 9558B photomul t ip l ie r  (S 20 cathode)  i n  con- 

j u n c t i o n  wi th  Corning s h o r t  wavelength cu t -of f  f i l t e r s  a t  5500 and 6300 2 
By comparison of t he  readings  obtained wi th  and wi thout  the  f i l t e r s  

p r e s e n t  a t  l o p  and a t  loop, i t  w a s  i nd ica t ed  t h a t  t he re  was no obvious 

change i n  the  s p e c t r a l  d i s t r i b u t i o n  a t  t he  lower p re s su re .  

The l i g h t  emission 

B. DEPENDENCE OF THE LIGHT EMISSION ON CHANGES I N  CONCENTRATION 
OF SPECIES AND VARIATION OF THE PRESSURE. 

The atomic and molecular oxygen p a r t i a l  p re s su res  were main- 

t a i n e d  a t  cons t an t  va lues  wi th  an  oxygen flow r a t e  of 26 cc/min before  

p a r t i a l  d i s s o c i a t i o n .  Small amounts of n i t r i c  oxide were added, v i a  

a c a l i b r a t e d  flowmeter, t o  the  oxygen s t ream a t  t he  p o i n t  of e n t r y  

i n t o  the  r e a c t i o n  v e s s e l .  Below 30 microns t h e r e  was v i r t u a l l y  no l o s s  

i n  atomic oxygen during the  residence t i m e  i n  t h e  r e a c t i o n  v e s s e l .  A t  

p r e s s u r e s  above t h i s ,  t h e r e  were lo s ses  as a r e s u l t  of t he  three-body 

recombination r e a c t i o n  

0 + NO + M  -+NO2 + M, (1) 

10 



- 3 2  2 - 2  which has  a r a t e  cons tan t  of approximately 6 . 0  x 10 c c  molecule 

- 1 (13 , 17,18,19) sec  . The p a r t i a l  p ressure  of n i t r i c  oxide remained un- 

changed s i n c e  the  amount used up i n  forming n i t rogen  d ioxide  was regen- 

e r a t e d  immediately by the  very f a s t  secondary r e a c t i o n  

ki 0 + NO2 -+ NO + O2 

-1 where k' = 2.6 k 0.6  x 

Hence, according t o  r e a c t o r  theory ,  the d i f f e r e n c e  between i n i t i a l  and 

cc  molecule-' sec  . 1 

s t e a d y - s t a t e  concen t r a t ions  of atomic oxygen a t  any p res su re  was 

(O0-O? 
t = 2k1(0) (NO) (M) 

where Oo and 0 were the  i n i t i a l  and s t e a d y - s t a t e  concen t r a t ions  of atomic 

oxygen r e s p e c t i v e l y ;  and where (NO) was the  i n i t i a l  (and s teady s t a t e )  

concen t r a t ion  of n i t r i c  oxide,  (M) \-as the  t o t a l  concent ra t ion .  A l l  

t he se  concen t r a t ions  were expressed i n  u n i t s  of molecules (o r  atoms)/cc.  

The r e s idence  t i m e  t of the  spec ie s  i n  the  r e a c t i o n  v e s s e l  was equal  t o  

V/F where V was the  volume i n  s tandard c c ' s  and F was the  t o t a l  flow- 

r a t e  i n  s tandard  c c ' s / s e c .  Hence, i n  Table 1 i t  was c a l c u l a t e d  t h a t  a t  

a t o t a l  p re s su re  of 43.5 microns,  with a n i t r i c  oxide p a r t i a l  p re s su re  

of 2 microns and a res idence  t i m e  of 6.6 seconds,  t h e r e  was a 7% loss 

i n  the  atomic oxygen concent ra t ion .  A t  h igher  p re s su res  t h e  c o r r e c t i o n s  

became more severe  and d i f f i c u l t  t o  apply.  

The p res su re  i n  the r e a c t i o n  c e l l  was v a r i e d  from 3 t o  200 

microns by c l o s i n g  the  va lve  between the  pump and the  c e l l .  A t  t he  

1: 
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end of each series of add i t ions  of n i t r i c  oxide,  the  atomic oxygen flow- 

r a t e  was measured by t i t r a t i o n  w i t h  n i t rogen  d ioxide  and the  r e s u l t a n t  

l i g h t  emission w a s  p l o t t e d  a s  a func t ion  of NO flow r a t e .  Hence, knowing 

t h e  f lowra te s  of molecular oxygen, atomic oxygen and n i t r i c  oxide,  and 

the  t o t a l  p re s su re ,  t he  p a r t i a l  p ressure  of each c o n s t i t u e n t  was calcu-  

l a t e d .  The l i g h t  emission w a s  p l o t t e d  a s  a func t ion  of t h e  n i t r i c  oxide 

p a r t i a l  p re s su re  a t  each d i f f e r e n t  t o t a l  p re s su re .  Below 40 microns,  

s t r a i g h t  l i n e  p l o t s  were obtained but  above t h i s  p o i n t  a s l i g h t  curva- 

t u r e  appeared which became severe a t  80 microns and h igher .  This ,  as 

a l r eady  expla ined ,  w a s  due t o  lo s ses  i n  the  atomic oxygen p a r t i a l  pres-  

su re  a s  a r e s u l t  of t he  three-body non-rad ia t ive  recombination process .  

The r e s u l t s  of a t y p i c a l  low-pressure run  a r e  given i n  F igure  4 .  It 

may be seen t h a t  t he  l i g h t  emission i s  d i r e c t l y  p ropor t iona l  t o  the  n i t r i c  

oxide p a r t i a l  p re s su re .  

micron of n i t r i c  oxide and atomic oxygen such t h a t  

2 

I f  one de f ines  Io as the  l i g h t  emission per  

I n t e n s i t y  = I~ [ O I  [NO] > 

then  an e s s e n t i a l l y  cons tan t  value i s  obta ined  f o r  I . The r e s u l t s  of 

t he  runs  over t h e  pressure  range 3 t o  200 microns a r e  g iven  i n  Table 1 

and Figure  5. I t  may be seen from Table 2 t h a t  t he  l i g h t  emission i s  

d i r e c t l y  p ropor t iona l  t o  the  atomic oxygen and n i t r i c  oxide p a r t i a l  

p r e s s u r e s  and independent of t he  t o t a l  p re s su re  (and hence t h i r d  body) 

over t he  range 3 t o  80 microns and seemingly a s  high a s  200 microns. 

However, t h i s  l a s t  resu l t - -a l though agree ing  wi th  theory--must be t r e a t e d  

wi th  cau t ion  owing t o  the  s e v e r i t y  of t h e  c o r r e c t i o n  which had t o  be 

app l i ed .  

0 
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The d i r e c t  r e l a t i o n s h i p  between the atomic oxygen p a r t i a l  pres-  

su re  and the  l i g h t  emission was f u r t h e r  i n v e s t i g a t e d  under cond i t ions  

of cons t an t  t o t a l  p re s su re  and a f ixed  p a r t i a l  p re s su re  of n i t r i c  oxide.  

The atomic oxygen p a r t i a l  p ressure  was v a r i e d  by changing the power of 

t h e  microwave d ischarge .  Af te r  each s e t  of runs  the  atomic oxygen par-  

t i a l  p re s su re  was measured a s  a l ready expla ined .  The r e s u l t s  a r e  shown 

i n  Table 3 and Figure 6 .  I t  can again be seen t h a t  the l i g h t  emission 

i s  d i r e c t l y  p ropor t iona l  t o  the  atomic oxygen concen t r a t ion  and t h a t  I 

has  a cons t an t  va lue  i n  good agreement wi th  the o the r  da t a .  

0 

Attempts were made t o  study the  l i g h t  emission a t  p re s su res  

below 3 microns by reducing the  f lowra te  of oxygen t o  9-10 cc/min. I n  

t h i s  way the  l i g h t  emission was s tudied  over the  p re s su re  range 0.85 t o  

7 .5  microns.  These r e s u l t s  a r e  given i n  Table 4 .  It may be seen t h a t  

t h e  va lue  of I i s  aga in  cons tan t  bu t  i s  somewhat lower than  before .  

However, I i s  s t i l l  independent of the amount of t h i r d  body p resen t  

o therwise  I would show a pressure  dependence. I t  i s  e a s i l y  apprec ia ted  

t h a t  a t  t hese  low p r e s s u r e s ,  a small e r r o r  i n  the  measurement of e i t h e r  

p re s su re  or  f lowra te s  may r e s u l t  i n  t h i s  I d i f f e r e n c e .  Hence, s i n c e  

the  constancy of Io s t i l l  ho lds ,  we a t t r i b u t e  t h i s  lower I t o  an in -  

h e r e n t  experimental  e r r o r .  

0 

0 

0 

0 

0 

C. EFFECT OF ADDED GASES 

The p res su re  of the r e a c t i o n  v e s s e l  was maintained a t  3 ,  30 and 

100 microns wi th  cons t an t  f lows of atomic and molecular oxygen and n i t r i c  

oxide.  Small amounts of dry a i r ,  oxygen and n i t r o g e n  were added, i n  t u r n ,  

17 
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up to amounts not exceeding 10% of the total flow. The additions gave 

a negligible change in the light emission indicating that there was lit- 

tle, if any, quenching by the added gases. Attempts were made to make 

similar experiments with carbon monoxide as the added gas, but these 

results showed a slight but definite increase in the light emission 

which was probably a result of the chemiluminescent reaction 

0 + CO +C02 + hv . 
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IV . DISCUSSION 

It i s  f e l t  t h a t  our experimental  da t a  a r e  i n  f u l l  agreement wi th  

In the  three-body mechanism a l ready  pos tu l a t ed  f o r  t he  r e a c t i o n .  (14) 

o rde r  t o  f a c i l i t a t e  comparison between the  o r i g i n a l  d e r i v a t i o n  of t h i s  

mechanism and i t s  d e s c r i p t i o n  here ,  t he  o r i g i n a l  equat ion  numbers, e t c . ,  

a r e  maintained.  It has been suggested 

a r e  formed during t h e  r e a c t i o n .  These 

2 t h a t  two exc i t ed  s t a t e s  of NO 

a r e  w r i t t e n  a s  NO (B)  and 
* 
2 

* 
K O  + 0 + ?rI - > N O 2  (6) + M 

NO2 (C) + M + N O  + 0 + M 
* 

* 
NO2 +NO2 + hv 

NO2 
* + M -+NO2 + M 

* 
Neglect ing emission from the NO2 (C) s t a t e  owing t o  i t s  longer  

l i f e t i m e ,  (20) t he  s t e a d y - s t a t e  t reatment  f o r  l i g h t  emission y i e l d s  

A t  p re s su res  of 1 mm or  l e s s ,  the  equat ion  i s  f u r t h e r  s i m p l i f i e d  

by assuming c o l l i s i o n a l  deac t iva t ion  t o  be an e f f i c i e n t  process  wi th  

n e a r l y  every c o l l i s i o n  e f f e c t i v e .  
6 -1 (20) 

k6B i s  given a s  4 x 10 sec  
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6 -1 and k7B[M] and k7C[M] a r e  approximately 1 x 10 sec  a t  300 microns.  

Hence, s impl i fy ing  where k 6B >> k7B[Ml 

A t  low p res su re  k >> (k3[M] + k7C[M]) and s ince  I i s  independent 6B 

of p r e s s u r e ,  then  k4 << (k3[M] + 17C[M]) which means a l s o  t h a t  k >> k5. 6B 

Hence , 

This  equat ion  i s  then  i n  agreement w i t h  the  observed p res su re  in-  

dependence of t h e  l i g h t  emission i s  s p i t e  of t he  three-body process .  

It i s  a l s o  c o n s i s t e n t  wi th  the  d i f f e rence  i n  the  third-body e f f i c i e n c y  

(15) s ince  k [MI v a r i e s  according t o  the  as found by Clyne and Thrush 

n a t u r e  of M. It has been pointed out  by F o n t i j n  and Schi f f  t h a t  t h i s  

7c 

pres su re  independence must be l o s t  a t  s u f f i c i e n t l y  low p res su res  s i n c e  

(k3 + k7C)[M] >> k4 w i l l  n o t  hold.  I n s e r t i n g  the  suggested reasonable  

va lues  of k w 10 cm3 molecule sec  and k x 10- cm molecule 
- 10 -1 -1 10 3 -1 

3 7c 
-1 s e c  , w e  f i n d  t h a t  a t  1 micron t o t a l  p re s su re  k must be cons iderably  

less than  6 . 6  x 10 sec  f o r  the l i g h t  emission t o  remain p res su re  in-  

dependent. I n  view of our r e s u l t s  i t  i s  t h e r e f o r e  suggested t h a t  a 

more reasonable  maximum value  for  k i s  10 sec  r a t h e r  than  the  sug- 4 
ges t ed  10 sec ', which does not c o n f l i c t  wi th  the  above mechanism and 

4 
3 -1 

3 -1 

4 -  
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i s  c o n s i s t e n t  wi th  the  experimental  r e s u l t s .  I t  may a l s o  be noted t h a t  

our obse rva t ion ,  i n d i c a t i n g  t h e r e  was v i r t u a l l y  no quenching by added 

gases ,  i s  c o n s i s t e n t  wi th  t h i s  mechanism. 

An a l t e r n a t i v e  mechanism would be t h e  d i r e c t  two-body recombination 

r e a c t  i on  

* 
0 + NO -.NO2 

* 
NO2 + N O  + hv 2 

NO2 ik + M +NO2 + M . 

Provided t h a t  k i s  n e g l i g i b l e ,  then  the  l i g h t  emission would 13  

aga in  be independent of p r e s s u r e .  I n  t h i s  c a s e ,  however, one cannot 

e x p l a i n  the  d i f f e r e n t  third-body e f f i c i e n c i e s  found by Clyne and Thrush. 

Hence, a l though on f i r s t  thought i t  may poss ib ly  seem unreasonable t o  

speak of a three-body mechanism a t  p r e s s u r e s  a s  low a s  1 micron, we f e e l  

t h a t  a l l  the  experimental  d a t a  make i t  necessary  t o  do so i n  t h i s  ca se .  

The r e s u l t s  i n d i c a t e  t h a t  the va lue  p rev ious ly  obta ined  f o r  the  

-17 -1 -1 (16) r a t e  cons t an t  f o r  l i g h t  emission of 1 . 7  x 10 c c  molecule sec  

i s  app l i cab le  down t o  p r e s s u r e s  of 0.85 microns which corresponds t o  

an a l t i t u d e  of 93.5 km. (21) This r a t e  cons t an t  was t h e r e f o r e  used t o  

c a l c u l a t e  t he  p o s s i b l e  photon f lux  of t h e  n igh t t ime  airglow continuum 

us ing  the  formula 
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The va lues  f o r  the  oxygen atom concent ra t ions  a r e  taken from the  r e c e n t  

c a l c u l a t i o n s  by Wallace f o r  a 12-hour day and n i g h t  cyc le .  (8) 

n i t r i c  oxide concen t r a t ion  i s  given the  allowed upper l i m i t  va lue  of 

(lo) The r e s u l t s  a re  given i n  Table 5. The t o t a l  10 molecules/cc.  

photon f l u x  i s  c a l c u l a t e d  as approximately 3 x 10 photons/cm /sec. The 

f i e l d  d a t a  obta ined  by Shefov(6) i nd ica t e  a t o t a l  i n t e g r a t e d  emission of 

approximately 3300 Rayleighs i n  the s p e c t r a l  r eg ion  between 3900 and 

6200 R .  photons/cm / s e c ,  

which i s  i n  agreement wi th  our ca l cu la t ed  d a t a  bu t  no g r e a t  accuracy i s  

t o  be expected or  claimed when one cons iders  t he  u n c e r t a i n t y  i f i  t he  n i t r i c  

oxide concen t r a t ion  d i s t r i b u t i o n .  I t  i s  perhaps t r i v i a l  t o  p o i n t  ou t  

t h a t  the  der ived  d i s t r i b u t i o n  of photons over t he  range 70-110 km i s  i n  

apparent  agreement wi th  the d i s t r i b u t i o n  of t he  airglow continuum a s  mea- 

sured  by rocke t  experiments.  This must obviously be the  case  s ince  the  

atomic oxygen concen t r a t ion  follows t h i s  d i s t r i b u t i o n  and a uniform con- 

c e n t r a t i o n  of n i t r i c  oxide has been assumed. 

The 

8 

9 2 

9 2 
This  corresponds t o  a t o t a l  f l u x  of 3 . 3  x 10 
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V. CONCLUSIONS 

i;; ,’ 
The following main conclusions are derived from the present work: .‘.’, 

(1) The atomic oxygen-nitric oxide reaction is a three-body 

process down to pressures of at least 1 micron. 

(2) The light emitting reaction is not pressure dependent and 

- 17 hence the existing rate constant for light emission of 1.7 x 10 cc 

molecule sec may be applied 2 :  total pressures as l o w  as 1 micron. -1 -1 

(3)  Provided that nitric oxide is present in concentrations 

of 10 molecules/cc over the altitude range 8C-110 km, there should be 8 

sufficient light emitted to make the atomic oxygen-nitric oxide reaction 

A lJTM(9K.  a prime contributor to the nighttime airglow continuum. 
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